INTRODUCTION
The so-called "Divine Proportion" or "Golden Proportion" is a mathematical relationship which is believed to express the universal harmony and, as such, the ideal measure to rule the symmetry and the proportions of the different elements of the human body. 1 This mathematical relationship is obtained by the asymmetric division of a line in such a way that the greater part of this line is always 1.618 times the size of the smaller part, which corresponds to 0.618 times the length of the larger part. 2, 3 Thus, the golden proportion is expressed by the 1:1.618 ratio, represented by the Greek letter "phi." [3] [4] [5] In dentistry, Lombardi 6 was the first to introduce the concept of "Golden Proportion," and later Levin 7 discussed the presence of the golden proportion in anterosuperior teeth. The golden proportion was popularized in orthodontics and oral surgery by Ricketts, 2 who reported to repeatedly find the 1:1.618 ratio in a
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JCDP series of lateral and frontal cephalometric radiographs considered ideal by the author. Amoric 8 also demonstrated the existence of the golden proportion in many cephalometric measurements at different stages of facial growth. The golden proportion has been used in dentistry in an attempt to improve facial function and, possibly, esthetics by simplifying the diagnosis of facial and dental disharmony. 9, 10 Some authors have suggested that the esthetic appreciation of one's face seems to be related to facial structures following the golden proportion. [11] [12] [13] However, this assumption has been controversial. In a comprehensive work that analyzed lateral and frontal cephalograms and pictures of patients, Baker and Woods 14 assessed the role of the golden proportion in the improvement of facial esthetics of patients submitted to surgical and orthodontic treatments. The authors found that not only did the measured ratios often move away from the divine proportion rather than toward it, but also that an improvement in esthetics often took place even when a majority of the proportions were further away from the golden ratio after surgery. 14 Thus, while some studies advocate that the golden proportion has a significant relationship with facial esthetics, others have demonstrated that the golden proportion is not a universal decisive factor for smiles and faces to be considered esthetic and pleasing. [15] [16] [17] [18] Scolozzi et al 5 reported that the golden proportion of the face may only be predicted by specific cephalometric analysis, and that parameters, such as age, gender, and type of dentofacial deformities, as well as type of surgery may also significantly influence the final outcome in relation to the golden proportion. 13 Discrepancies in bone development in the facial thirds may be considered esthetically unpleasing, and individuals with short or long faces present the risk of developing different types of disorders, which are frequently associated with cases of malocclusion class II and III. 10, 19 The divine proportion is still employed in orthodontic-orthognathic planning, 20 and used as a guideline for the treatment in order to improve the facial esthetic balance and to correct biting. 5 Ricketts, 21 a strong advocator on the use of divine proportion as a guideline for the orthognathic surgery, suggested the use of 13 skeletal ratios in lateral and frontal radiographs, which should ideally follow the divine proportion in order to obtain a proportional and beautiful face.
14 However, the assumption that corrections based on cephalometric standards lead to correct facial esthetics has been placed into question, as the soft tissue covering the teeth and bone may vary so greatly that the dentalskeletal pattern may be inadequate in evaluating facial harmony. 22, 23 Presently, orthognathic surgery planning is frequently performed with the use of imaging software, based on the three-dimensional (3D) facial clinical analysis of the soft tissues as well as the study of cephalometry models. 22, 23 This method involves the analysis of the proportions existing between the facial thirds; the upper third from the tríquio to the glabella, the mid-third from the glabella to the subnasal, and the lower third from the subnasal to the mentonian. 22, 23 Nonetheless, it would be expected that patients with dentomaxillofacial class II and III deformities, submitted to orthognathic surgery based on the analysis of the soft tissues, should present changes in their dental-skeletal pattern. If these changes should represent an approximation to the golden proportion is still a matter of debate. The objective of this study was, therefore, to analyze pre-and postoperative cephalometric tracings of lateral cephalograms of patients with dentomaxillofacial class II and III deformities submitted to orthognathic surgery, and verify whether patients' dental-skeletal patterns, as defined by Ricketts, 2 moved closer to or further away from the golden proportion.
MATERIALS AND METHODS
This study was duly approved by the Institutional Review Board of the State University of Maringá (UEM), Brazil (decision no. 160.480/2012). This retrospective study was performed based on the records of patients submitted to orthodontic treatment followed by orthognathic surgery for dentomaxillofacial deformities selected from the Oral Radiology and Imaging Clinic of the State UEM between January 2006 and July 2014. The sample comprised 55 records of patients of both genders, mean age of 35 years and 7 months, with no craniofacial deformities, syndromes, or palatal fissures. A total of 110 lateral cephalometric radiographs, 55 obtained preoperatively and 55 postoperatively, were analyzed. Facial planning for all patients was performed with the use of Dolphin Imaging software, version 11.7, according to the principles established by . 22, 23 All the orthognathic surgeries to correct dentomaxillofacial deformities class II and III were performed by the same professional. At the time of surgery, all the participating individuals signed a free term of consent, authorizing the disclosing of their radiographic and photographic documentation for teaching and research purposes. All the surgeries were considered successful in restoring class I function.
No unacceptable risks or discomfort were involved, as only radiographs filed with patients records were analyzed. All patient information was kept confidential. The radiographs were taken after the referral from a buccomaxillofacial surgery and traumatology expert, digitized and stored in the database at the Oral Radiology and Imaging Clinic UEM. All radiographs were standardized with cephalostat, with the Frankfurt plane of the head parallel to the horizontal plane, and the midsagittal plane perpendicular to the horizontal plane, with relaxed lips. Radiographs were digitized at 300 dpi with no enlargement, and saved in TIFF format in a scanner with a transparency reader (HP Scanjet G4050, HewlettPackard, Washington, USA).
Cephalometric Markings
Radiographs taken pre and postoperatively were analyzed using Dolphin Imaging software, version 11.7 (Dolphin Imaging and Management Solutions, Chatsworth, Calif). Radiographs markings and analysis were individually conducted by the same examiner. Dental-skeletal patterns were assessed using the golden proportion based on the work of Ricketts. 
Statistical Analysis
To determine the minimum number of radiographs to be analyzed, G power test was performed with the power defined at 80%, at a level of significance of p > 0.05. The values obtained in the two markings were submitted to Pearson's correlation coefficient analysis.
The distribution of the final ratio data was verified with the Shapiro-Wilk test. The data were then submitted to the Student's t test (paired analysis) to verify if any difference in the mean ratio values between groups (pre and postoperatively) existed. Student's t test was used to compare the mean ratios (pre and postoperatively) to test the hypothesis and that the mean value of each ratio was 1.618033. All tests were conducted with a 5% level of significance.
RESULTS
G power test determined the minimum number of 34 radiographs for both parametric and nonparametric tests. Pearson's analysis demonstrated a correlation coefficient of 0.9976 between the data collected in the first and the second markings. As the correlation was almost perfect, only the data collected in the first markings were used.
The results obtained from the 13 ratios both pre and postoperatively were compared to the golden number (1.618) using Student's t test. Graph 1 illustrates the relationship of each ratio with the golden number, and compares the ratios obtained pre and postoperatively. When analyzing the preoperative radiographs, the values obtained for the ratios 1, 3, 4, 5, 7, 8, 9, 10, 12, and 13 were found to be statistically different (far) from the golden number (p < 0.5), while ratios 2 (1.655; p = 0.26), 6 (1.659; p = 0.124), and 11 (1.559; 0.117) presented values considered statistically similar (close) to the golden proportion.
When the postoperative radiographs were analyzed, ratios 1, 3, 4, 5, 7, 8, 9, 10, and 13 remained statistically different (far) from the golden proportion (p < 0.05). Ratio 12, which in the preoperative cephalometric measurements was statistically different(far) from the golden proportion (1.688; p = 0.034), moved closer to the golden number after the surgical treatment and was no longer different (1.645; p = 0.444). However, the opposite happened with ratio 6, which in the preoperative measurements was close to the golden proportion but moved further away postoperatively, becoming statistically different (1.679; p = 0.013). Ratios 2 and 11 remained statistically similar (close) to the golden proportion postoperatively (p > 0.5).
When the ratios obtained before and after the orthodontic-orthognathic treatment were compared, only ratios 8 (p = 0.04) and 9 (p = 0.04) presented statistically significant differences. In both cases the ratios moved even further away from the golden proportion after the surgical treatment.
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Graph 1:
A comparative graph of the ratios assessed pre-and postoperatively in relation to the golden number (1.618)
DISCUSSION
The present study analyzed the relationship of cephalometric tracings as defined by Ricketts 2 with the golden number (1.618), in two different occasions, before and after the surgical treatment for the correction of malocclusion class II and III with 3D facial planning. The results of the present study demonstrated that the ratios assessed hardly changed after the orthodontic-orthognathic treatment. The majority of the ratios assessed were statistically different (far) from the golden number both before and after the surgery, with only three of the 13 ratios (2, 6, and 12) assessed demonstrating to be close to the golden proportion before surgery, and three (2,11,12) after surgery (Graph 1).
Researchers from varied areas have been motivated to study the possibility of facial-skeletal measurements to be related with ideal proportions, 24 so that esthetics may be scientifically assessed rather than based on subjective judgements. 21 , 25 Jefferson 24 suggested that individuals' dental-skeletal parameters tend to develop according to the golden proportion, since it would be beneficial not only for esthetic reasons but also physiologically. However, dental and facial characteristics may differ and suffer genetic variations and environmental influences. 14, 24 Moreover, the perception of what is beautiful may also vary based on the geographical localization and the historical-cultural context of the region patients come from. 26 In the present study, the 55 radiographs selected came from patients with dentomaxillofacial deformities class II and III submitted to orthodontic treatment and orthognathic surgery. Facial planning in all cases was performed with the use of the Dolphin Imaging software, based on the 3D facial clinical analysis of the soft tissues as well as cephalometry models according to the principles established by Arnett and Bergman. 22, 23 Thus, the golden proportion was not adopted as a guideline for the final result. The results demonstrated that after the surgical treatment had been completed, only ratio 11 moved closer and became statistically similar to the golden number, while ratio 6 moved further away. Scolozzi et al 5 defended that the use of cephalometric analysis inspired on the divine proportion as a guideline for the production of proportional faces may only be effective in the lower third of the face. In contrast, however, Silva et al 25 demonstrated that the lower facial third and the dental arches are less likely to be correlated to the golden proportion. Baker and Woods 14 did not observe any correlation between the facial changes achieved by orthognathic surgery and the golden proportion, and suggested that the golden proportion may only be used in combination with other methods for cephalometric and facial assessment. In agreement with the work of Baker and Woods, 14 the results found in this study also demonstrated that the ratios assessed were not significantly affected by the orthognathic surgery and remained statistically far from the golden proportion. It is believed that individuals who undergo orthognathic surgery for dentomaxillofacial deformities should present more esthetic faces after the treatment. 27 Additionally, people with attractive faces seem to present higher level of agreement with the golden proportion than those with common faces. 4, 12 Unfortunately, no visual records of the participating patients existed and, therefore, they could not be visually assessed before and after the surgical and orthodontic treatment, which is a limitation of this study. As a result, it was not possible to establish if these patients actually obtained more harmonious and beautiful faces after the treatment, 12 preventing the establishment of a correlation between the facial measurements conducted with esthetic alterations. Nonetheless, esthetic guidelines based on 19 key traits were followed in determining the surgical orthodontic plan, so that normal facial traits were maintained while abnormal characteristics were corrected. 22, 23 Patient records indicate that all the orthognathic surgeries were successful in providing patients with class I function, and all patients reported to be satisfied with their final appearance. Although the divine proportion was not present in patients submitted to surgical treatments, previous investigations have already demonstrated that facial attractiveness in general does not depend on any preestablished standards. 28, 29 De Castro et al 30 demonstrated that pleasant smiles were closer to the divine proportions, but they did not necessarily corresponded to them. The fact that the ratios 1, 3, 4, 5, 7, 8, 9, 10 and 13 kept statistically different from the golden proportion both pre-and postoperatively may be an indication that orthognathic surgery has little effect on the proportions studied.
Investigations have demonstrated that dental and smile proportions do not normally correlate with the golden proportion. 31, 32 Although several studies have assessed the presence of the golden proportion, the influence of tooth and/or face height and width on esthetics seems also to be important factors. [33] [34] [35] This seems to suggest that beauty is more associated with symmetry and height and width relationships than with a mathematical proportion.
33,36
CONCLUSION
Within the limitations of this study, and based on the 13 ratios measurements from lateral cephalograms of 55 class II and III patients before and after the orthognathic surgery, it may be concluded that the golden proportion was not present in the majority of the ratios analyzed preoperatively, and that they remained mostly unchanged after surgery.
CLINICAL SIGNIFICANCES
Determine whether the facial patterns approach the golden ratio after surgical correction. Also determine whether the golden ratio may be a standard to guide the surgical treatment of patients with skeletal patterns of type II and III.
